Age structure, tree characteristics, and environmental data were used to analyze the status of the birch treeline in three regions along the Scandes Mountains from 628109N to 698509N. Aspect and estimated relative radiation explained most of the treeline altitude across studied regions, but not all variation. Main tree establishment occurred during the 1940s in the southern and northernmost regions, and during the 1960s in the middle region. Age distribution patterns at 2 m (tree size), however, showed stable or possibly progressive treelines in the southern and middle regions but recent recession in the north. Growth rates varied through time and between regions, with an apparent decrease in the north since the 1940s. Weak negative correlations between altitude and age in the south indicate recent changes favoring tree growth or increased turnover at higher, more exposed altitudes. Although Scandinavian treelines are expected to advance in response to climate warming, this was not evident as a general pattern for all regions. Seasonally different climate patterns, browsing, and abrasion are mechanisms involved in this. These regionally different patterns have to be taken into account in predictions of future responses to avoid overestimation of, e.g., ecosystem change, carbon uptake capacity, and feedbacks to climate systems.
Introduction
The position of the forest-tundra boundary and its dynamics are key issues within global change ecology. The boundary has, through its circumpolar distribution, significance in subarctic and alpine regions and importance at regional to global scale for its contribution to landatmosphere interactions and biodiversity patterns Douglas, 2002) . The treeline is a key variable within this boundary, demarcating the change from tree-covered ground to treeless ground. This change has its strongest significance during winter due to the dramatic shift in albedo across the boundary (Harding et al., 2002) and influence on snow distribution (Hiemstra et al., 2002) , with consequences for species and ecosystem distribution (Hofgaard and Wilmann, 2002; Williams et al., 2002) . There is a strong general link between climate parameters and treeline position (cf. review by Körner, 1998) . Consequently, treelines are assumed to be sensitive to changes in the climate and thus useful as indicators of climate change (Slatyer and Noble, 1992; Lavoie and Payette, 1994; Kullman, 1998; Grace et al., 2002) . Evidence of advancing arctic and alpine treelines in response to recent climate warming is reported from several areas (e.g., Lescop-Sinclair and Payette, 1995; Luckman and Kavanagh, 2000; Kullman, 2001a) ; however, concomitantly contradicting or insignificant treeline responses to climate warming have been reported (Kullman, 1993; Hättenschwiler and Körner, 1995; Paulsen et al., 2000; Lloyd and Fastie, 2002) . Due to this inconsistency between or within regions, questions about the sensitivity to climate and the role of alternative mechanisms such as inertia, stabilizing factors, and feedback systems arises (Hofgaard, 1997a; Sveinbjörnsson et al., 2002) . Factors like physical effects of wind and snow, and physiological effects through carbon limitation or nutrient limitation also have strong controlling effects (cf. Grace et al., 1989; Stevens and Fox, 1991; Sveinbjörnsson et al., 1992; Karlsson and Nordell, 1996; Körner, 1998) , and variation in aspect, slope, microtopography, snow cover, ground moisture, oceanicity, competition, disturbance, and land use also affect treeline position (Slatyer and Noble, 1992; Brown, 1994; Kjällgren and Kullman, 1998; Moir et al., 1999; Sveinbjörnsson, 2000; Sveinbjörnsson et al., 2002; Crawford et al., 2003) . Although it is often assumed that treelines are in equilibrium with the current climate (e.g., Kullman, 1998) , this might not be the case due to previous disturbances (e.g., insect outbreak, fire, avalanches, land use) and subsequent time for recovery which varies through time and space (cf. Sprugel, 1991; Hofgaard, 1997a) . For example, individual established trees might persist through adverse climatic conditions and thus show strong resistance to climate change, forming relict positions related to past climate regimes (Kullman, 1993; Paulsen et al., 2000) .
On a local scale, the variation in treeline altitude could be determined by either temperature or other environmental factors that might or might not be correlated with temperature or a combination. Consequently, it is not obvious how treelines will respond to future climatic change (cf. IPCC, 2001) , as the strength in the influence of temperature vs. other controlling factors will vary depending on the preceding history of individual treeline areas. Age structure analyses of treeline tree communities reveal recruitment status and survival at the treeline, and can so unravel responses to recent or former environmental changes depending on longevity of the species in focus (e.g., Lavoie and Payette, 1992; Kullman, 1993; Villalba and Veblen, 1997) . Thus, the degree of stability or range adjustments at the treeline can be elucidated.
In Scandinavia, mountain birch (Betula pubescens Ehrh. ssp. czerepanovii [Orlova] Hämet-Ahti) is the dominate treeline species. Previous investigations have shown both evidence of climatically raised treelines (Aas, 1969; Kullman, 2001a) and stable or retreating treelines in the last century (Kullman, 1993) . However, there has been little focus on the spatial variation on a larger scale along the Scandinavian mountain chain. This is needed for conclusions of general validity regarding controlling factors and the effects of climatic change on treeline positions (Villalba and Veblen, 1998) .
In this paper we use topographic position, edaphic conditions, and age structure to elucidate (1) the main factors controlling the position of the birch treeline along the Scandes mountains, (2) how the impact of these factors have changed through time, and (3) how this differs between bioclimatic regions along the latitudinal gradient. Hypothetically, different controlling factors are operating in the different areas along the latitudinal gradient; or the factors are operating differently in the different areas; or the importance of different factors may be changing through time but not synchronously through space. However, all three alternatives may be relevant at the same time.
Materials and Methods

STUDY AREAS
Three treeline regions, Dovre in central Norway, Abisko in northern Sweden, and Joatka in northern Norway, dominated by birch and situated along the Scandinavian mountain chain are used as study areas (Fig. 1) . All three areas are dominated by slightly continental climate conditions with low precipitation and fairly large differences between summer and winter temperatures (Moen, 1998;  Table 1 ). The entire region is influenced by atlantic air masses, but arctic air masses dominate in the northernmost area during winter. The degree to which these air masses dominate varies through space and time and throughout the year and seasons. Mean annual and winter temperatures decrease from the southern to the northern area (Table 1) , and even though summer temperature increases towards the north, the estimated length of growing periods for different threshold temperatures declines.
The annual precipitation is more or less identical in the southern and northernmost area, but slightly lower in the Abisko area. Temperature and precipitation data ( The mean annual temperature has increased during the twentieth century in all three areas, with deviating warmer periods in the 1930s and 1990s and colder periods around 1970 and in the late 1980s (Fig. 2) . Summer temperature has increased in all three sites, whereas winter and spring temperature has increased slightly in the Dovre and Abisko areas but has been stable or slightly decreased in Joatka. The longterm temperature data for Joatka is from the climate station in Karasjok, 70 km southeast of Joatka, since there was no data prior to 1964 from Suolovuopmi. The data from Suolovuopmi and Karasjok show strong covariation (Pearsons correlation coefficient ¼ 0.869), with an overall mean difference between the two places of 0.128C (warmer at Suolovuopmi), but with lower winter temperatures and higher summer temperatures at Karasjok.
The bedrock varies slightly between areas with gneiss and quartzite dominating in Dovre, mainly hard shale in Abisko, and hard shale and metasediments in Joatka. The Dovre and Abisko areas are situated in rather rugged mountainous terrain with the highest surrounding peaks reaching .2200 m and .1800 m, respectively. In Joatka the landscape is characterized by an undulating plateau at about 400-500 m a.s.l., with the highest mountains reaching just above 1000 m about 20 km away.
In all three regions, herb-rich mountain birch forests dominate the subalpine zone with some scattered pine, Pinus sylvestris L., at lower altitudes. Continuous birch forest is found up to about 1090, 670, and 420 m a.s.l. in Dovre, Abisko and Joatka, respectively, or slightly higher depending on exposition of mountain slopes and climatically favorable locations intersecting tundra vegetation along the slopes. Beyond, the forest dwarf shrub heaths and lichen heaths dominate in the low alpine zones which continue up to 1550 m in Dovre, 1050 m in Abisko, and about 650 m a.s.l. in Joatka.
METHODS
In each of the three areas, four mountain slopes (henceforward sites) with different aspects were selected and sampled during summer 1999 and 2000. At Dovre and Joatka, these sites faced north, west, east, and south (N, W, E, S), respectively. At Abisko, where it was not possible to find suitable slopes with these aspects, the following aspects were chosen: north (N), southeast (SE), southwest (SW), and northwest (NW). Each selected site had to have at least 1 km (horizontally) of its slope facing the chosen aspect along which the FIGURE 1. Location of the three study areas: (1) Dovre, (2) Abisko, and (3) Joatka, along the Scandinavian mountain chain. treelines were sampled. Distance between sites within the areas ranged from 5 to 30 km. At the treeline along the slopes, the 20 uppermost birch trees, i.e., treeline markers, situated at least 50 m apart, were sampled. At four sites, fewer than 20 trees fulfilled the given criteria and hence the number of trees sampled ranged from 15 to 20. Each sampled birch had a minimum height of 2 m, conforming to the definition commonly used in the treeline studies in Scandinavia (cf. Kullman, 1990; Kjällgren and Kullman, 1998) . For each sample tree, the following tree characteristics and environmental variables were recorded: tree height, stem circumference at 1.3 m, browsing, vitality, presence of Taphrina sp. (fungus), growth form (mono-or polycormic), altitude (m a.s.l.), snow depth, slope, aspect, and microtopography. The browsing was estimated as percent of main branches having been browsed, and vitality was classified as good or low. For the polycormic trees, the number of stems at 0-0.5 m above ground, 0.5-1.3 m, and .1.3 m were counted. The mean height limit of the epiphytic lichen Melanelia olivacea (L.) Essl. was used as a measure of mean snow depth (Sonesson et al., 1994) . The microtopography approximately 1 m in radius around each tree was classified as plane, concave, or convex. In addition, the position along the ridge snowbed continuum (Sjörs, 1987) was recorded for the trees sampled in the second study year (n ¼ 53, 29, and 42 at Dovre, Abisko, and Joatka, respectively). These positions were classified as ridge, ridge-leeside, leeside, leeside-snowbed, or snowbed.
Each tree was cored at ground level and at 1 m and 2 m above ground for age determination. Due to narrow stem diameter, some of the trees had to be cut at the 2 m level. The coring heights represent time of establishment, time when protruding through the approximate snow depth level, and time when developed into tree size, respectively. Even though exact time of germination in practice is impossible to establish, cores from ground level give a good estimate of tree establishment. The cores and cross sections were dried and brought to the lab where they were smoothed with a scalpel. Zinc-salve was applied to increase the contrasts between early and late wood within the annual rings, and the rings were counted using a stereo-microscope (6-403). For 13% of the cores, some rings were missing close to the centre of the stem due to stem rot or failure to hit the pith exactly during the coring procedure. In these cases, the number of rings lost were estimated by eye if possible and added to the counted rings; otherwise, the core was omitted from further analyses. In total, 229, 232, and 229 cores for 0 m, 1 m, and 2 m, respectively, were used in the analyses.
DATA ANALYSES
From the slope and aspect recordings, a variable representing relative radiation (R R ) was calculated as R R ¼ cos(90-s opt -S Á cos(a opt -A)) (after Myklebust, 1996) , where s opt is the optimal slope, 458, a opt is the optimal angle of aspect, set to 2058 (after Dargie, 1984) , S is measured slope in degrees (8), and A is measured aspect in degrees (8). The values for aspect were transformed from gon into new values forming two new variables to handle the fact that 0 gon equals 400 gon. One of the variables was computed as degrees deviation from north (0 gon), here denoted Dev-N, and the other as deviation from northeast (50 gon), Dev-NE, and both ranging from 0 gon to 200 gon.
The following variables were allocated from the tree ring data: year of germination and year when reaching 1 m and 2 m (T 0 , T 1m , and T 2m , respectively); age at the 0 m, 1 m, and 2 m level (Age 0m , Age 1m , and Age 2m ); and number of years to grow from 0 m to 1 m, 1 m to 2 m, and 0 m to 2 m (Yrs 0-1m , Yrs 1-2m , and Yrs 0-2m ), which represents the inverse of growth rates. Due to the inevitable uncertainties associated with the age determination (cf. above), individual age data originating from each of the three height positions were grouped into 10-year age classes. These area and level specific age structures were compared with temperature data from the climate stations representing each area.
The differences between the three study areas for both abiotic and biotic variables were analyzed using ANOVA and Multiple Comparisons Tests (Tukey's HSD and Bonferroni) and Kruskal-Wallis and Mann-Whitney U-tests, when non-parametric analyses were needed. Regression analyses with forward selection were used to test which of the following environmental and age variables best explained the altitude of the treeline trees in the three areas: snow depth, slope, Dev-N, Dev-NE, R R , Age 0m , Age 1m , and Age 2m . The categorical variables for microtopography and position along the ridge-snowbed continuum were not included in these analyses. Further, the pattern and importance of variables corresponding to treeline position for each study area were analyzed with correlation analyses (Pearson or Spearman according to fulfilled assumptions) and principal component analyses (PCA).
All analyses were conducted by the use of the SPSS software program, version 10.0 (SPSS, Inc., 1999), except the multivariate Mean values for the recorded environmental factors and tree characteristics at the three study areas. Different letters in superscript indicate significant differences at the p , 0.05 level between areas. 
Results
SPATIAL DISTRIBUTION
The mean altitudes of the treeline positions at Dovre, Abisko, and Joatka were 1133, 752, and 451 m a.s.l., respectively (Table 2 ). This means that between latitudes 628N and 688N treeline altitude declined on average 63 m per degree north, whereas between latitudes 688 and ca 708N the mean decline was 200 m per degree north. There was no regional difference in preferred microtopography position of sampled trees. Most trees were found in concave places and in lee sides, whereas only a few were found on ridges and in snowbeds (Table 2 ). In accordance with the general difference in landscape-scale topography (cf. above), treeline trees in the Dovre and Abisko areas showed stronger correspondence with steep slopes compared to the Joatka area. A significantly thicker mean snow cover characterized local growing positions in the northernmost area compared to further south (Table 2) . Further, mean browsing per tree was significantly higher in the south, and the number of trees affected by browsing decreased toward the north (Table 2) .
Slope aspect influenced the altitudinal position of the trees throughout studied areas with, in general, the most advanced positions at S-facing sites and the lowest on N-facing ones (Table 3, Fig. 3 ). However, in Abisko the NW-facing site had the most advanced treeline position. The maximum difference in mean altitude of the treeline between the aspects varied from 93 m between the NW-facing and the N-facing sites in the Abisko area, to 42 m between the N-facing and S-facing sites in Dovre. There was no significant difference between the N-and E-facing sites or the S-and W-facing sites in Dovre, or between the N-and W-facing sites in Joatka. The variation in the altitude of tree positions within slopes differed between the different slopes in the three areas, and was in general, negatively related to the mean relative radiation (R R ) of the sites (Table 3 ).
The variables that best explained the altitude of the treeline trees differed slightly between areas. In Dovre, relative radiation and Age 0m were the only factors after forward selection in the regression analyses that significantly predicted the altitude (R 2 ¼ 0.266 for R R alone and Abisko, deviation from north-east (Dev-NE) explained 47.9% (using R 2 ), adding deviation from north explained 59.5%, and including Age 2m explained 66.3%. In Joatka, Dev-N alone explained 63.6% and after adding Dev-NE, 66.1% was explained. None of the other factors contributed significantly to predict the variation in the altitude of the treelines. However, in the correlation analyses, topographical factors which were not possible to include in the regression analyses were associated with the variation in altitude at the different sites (Table 4) .
The following positive correlations were significant in all three areas: altitude and Dev-N; altitude and relative radiation; snow depth and tree height; snow depth and stem circumference; tree height and stem circumference; tree height and age at the different height levels within the trees (except at ground level in Joatka); and slope and Dev-NE, meaning that the slopes were steepest on the SW-facing slopes 
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(Appendix 1). Additionally, a significant negative correlation between altitude and Age 0m was shown at Dovre and Abisko, whereas no such correlation was found in Joatka. In Joatka, the altitude for treeline trees was positively correlated with snow depth, but not in Abisko and Dovre. In contrast, the frequency of trees located in concavities increased with altitude at both Dovre and Abisko, but was constant throughout in Joatka (Table 4) . PCA-analyses and correlation analyses showed consistent relationships for the three areas, i.e., the altitude showed positive correspondence with slope and estimated relative radiation, and negative correspondence with variables calculated from aspect (Dev-N and Dev-NE) and variables related to age and growth rates (Fig. 4, Table 4 ).
AGE DISTRIBUTIONS
The age of the trees (i.e., at the 0-m level) showed unimodal distributions for the three areas with recruitment peaks in the 1940s in Dovre and Joatka and in the 1960s in Abisko (Fig. 5) . The mean age of the trees differed significantly between areas with the highest mean age in Joatka followed by Dovre and Abisko. The oldest trees in Dovre, Abisko, and Joatka were 131, 144, and 144 years, respectively, whereas the youngest were 9, 11, and 27 years. The age structures at 1 m also showed unimodal distributions in all areas, but with slightly more concentrated distribution ranges than for 0 m (Fig. 5) . At 2 m, the age distributions were J-shaped in Dovre and Abisko, whereas in Joatka a unimodal distribution was shown also for this level. A majority of the trees in Joatka reached 2 m earlier in the twentieth century than the trees in Abisko and Dovre, and only few trees had recently grown to the 2 m level.
GROWTH RATES
Overall, it took significantly longer for the trees in the Dovre area to become 1 m tall than in the two other areas, whereas the time needed to grow from 1 m to 2 m was longer in Joatka compared to both Abisko and Dovre (Table 2 ). The overall time to grow from 0 m to 2 m was shortest in Abisko, but the difference was only significant between Abisko and Joatka. In Dovre and Abisko growth rates for 0-1 m, 1-2 m, and 0-2 m, respectively, showed positive correlations with Dev-N, Dev-NE, slope, relative radiation, and altitude (Table 5 ). In Joatka, however, none of the growth rate variables were significantly correlated with any of the environmental variables except for snow depth, which showed positive correlation with the growth rate between 0 and 1 m. In addition, in Dovre the growth rates for 1-2 m and 0-2 m were negatively correlated to browsing. FIGURE 5. Age distributions at three different height levels (0 m, 1 m, and 2 m above ground, respectively) within the treeline trees at the three different study areas. The data is aggregated to 10-year age classes for each height level and area. Note that the scaling of the y-axes varies between the height levels.
Further, the growth rate between 0-1 m and 1-2 m, respectively, varied through time and was not synchronous between areas (Fig. 6) . The highest growth rates are found in Joatka for growth from 0 to 1 m of trees with estimated establishment in the 1940s. Abisko and particularly Dovre show much lower growth rates from 0 to 1 m in this period. In Abisko and Dovre, the growth rates have increased during the century, whereas in Joatka the growth rates within both height intervals have declined after the peak in the 1940s (Fig. 6 ).
Discussion
In contrast to a general expectation of progressive treelines in response to recent climate change, the treelines in the study areas showed a regionally deviating response pattern and very little evidence of recent advance. The J-shaped age distribution at the 2-m level at both Dovre and Abisko shows continuous treeline recruitment balanced with mortality through time, indicating fairly stable treeline positions in balance with prevailing environmental conditions (cf. Kimmins, 1987) . In contrast, at the northernmost area the treeline population was older and showed little new recruitment into the 2-m level, a pattern that is indicative of recessive treelines. A multitude of environmental conditions influence tree growth and survival, and the growth of saplings into tree size at all points in space and time (Sveinbjörnsson et al., 2002) . The importance of aspect and slope for the distribution of trees is emphasized at the treeline (Grace, 1989; Holtmeier, 2003) mediated through differences in received solar radiation (Jones, 1983) , effecting length of growing seasons and temperature, and subsequently establishment of birch (Kullman, 1986; Holm, 1994) and birch growth (Junttila and Nilsen, 1993; Weih and Karlsson, 2001 ). In the present study, aspect had an additional explanation effect to that of relative radiation, which can possibly be linked to effects of the wind and snow distribution pattern, factors that are essential for treeline performance and position (Holtmeier, 2003) . Ample snow cover during the winter promotes establishment and survival of saplings and small trees through a host of growth-related factors such as protection from wind abrasion and winter browsing (Scott et al., 1993; Payette et al., 1996; Peltola et al., 1999; Kajimoto et al., 2002; Sveinbjörnsson et al., 2002) , higher soil temperatures during winter favoring nutrient uptake capacity in the following summer (Weih and Karlsson, 2002) , and moisture contribution to the soil in spring (Schaefer and Messier, 1995) . This multifactorial importance of snow is indicated by the positive correlation between tree height and snow depth at all three areas, but seems to be of particular importance in the northernmost region where snow depth and altitude of the trees were positively related. In this region with harsh subarctic conditions, the importance of snow is further elucidated by the strong microtopographical control of tree distribution (dominating concave and lee-side positions). Concave sites provide more favorable growth and survival conditions also during the summer through sheltering from wind, higher daily air temperatures, and more stable ground moisture conditions throughout the growing season (Jones, 1983; Kjällgren and Kullman, 1998; Hiemstra et al., 2002) . At the two southernmost areas, younger trees were slightly associated with higher altitude within the treelines, which is a pattern that could indicate progressive treelines. However, the pattern could also reflect higher turnover rates of tree individuals at higher altitudes, as advanced positions along the treelines are most likely exposed to a slightly Pearson correlations between the growth rates between 0-1 m, 1-2 m, and 0-2 m and different environmental variables. Significant correlations at the p , 0.05 level in bold. harsher environment, enhancing stem mortality rates (cf. Scott et al., 1993; Payette et al., 1996) . Area specific establishment and growth pattern along the Scandes mountains points towards different space and time compartments for controlling abiotic and biotic factors. In the 1930s-1940s Scandinavia experienced a period of climate improvement which was particularly pronounced in the north (Hanssen-Bauer and Nordli, 1998) . The recruitment peaks at Dovre and Joatka and the highest growth rates generally coincide with this warm period, which is a common pattern for birch, spruce, and pine in northern Scandinavia (Å kerhielm, 1940; Steijlen and Zackrisson, 1987; Kullman, 1991 Kullman, , 2001b Hofgaard et al., 1991; Hofgaard, 1993) . However, even though the climatic conditions in the 1930s-1940s were favorable and similar throughout the studied latitudinal gradient, the Abisko region showed a deviating recruitment pattern. In 1954-1955 the Abisko area was struck by a large autumnal moth (Epirrita autumnata) outbreak which completely defoliated the mountain birch forest (Tenow and Bylund, 2000) . This insect outbreak drastically affected the stand structure and probably accounts for the recruitment pattern of the treeline trees in the area. Herbivory by insects, mammals, and birds is an important biotic factor controlling tree performance and growth at the treeline, affecting growth of apical shoots, twigs, buds, and leaves. During the growing season, mountain birch to some extent compensates for herbivory by increased longshoot growth, but heavy browsing is still a limiting factor Danell et al., 1997) .
In addition to deviating establishment periods (0 m), age structures at the snow-air interface (1 m) and tree size (2 m) levels, respectively, varied among regions. According to these age structures, stable or possibly progressive treelines characterize the southernmost region and maybe also the middle region, but recessive treelines characterize the northernmost region. These deviating patterns have a combined abiotic and biotic background. The Scandes mountains are characterized by regionally different climate systems with a strong influence of arctic air masses in the north and warmer atlantic air masses in the southern region (Hanssen-Bauer and Førland, 2000) . In the north, temperatures have generally declined compared to the 1930s-1940s (Hanssen-Bauer and Nordli, 1998) which implies delayed start of the growing season. Further, the length of the growing season has decreased since the beginning of the 1980s as a result of snowfall increase during winter (Høgda et al., 2001) . Concomitantly, the number of reindeer has increased (Ims and Kosmo, 2001) . Although, reindeer herds only pass through the area twice a year on their way to and from summer pastures on the Norwegian coast, their browsing together with climatic restrictions may act as an important factor limiting birch establishment, growth and survival into tree size (cf. Lehtonen and Heikkinen, 1995; Oksanen et al., 1995; Engelmark et al., 1998) . In the southernmost region where temperatures have increased slightly since the mid-twentieth century (Hanssen-Bauer and Nordli, 1998), and thus climate is less restricting, browsing is significantly related to treeline position. Browsing, mainly by sheep, in this region is consequently likely to be responsible for the slow height growth between 0 and 1 m. In addition to summer browsing, winter browsing above the snow (dominated by hares) can have profound effects on height development. This is emphasized in the northernmost region, where snow depth is the strongest determinant to growth, and deep snow conditions act as protection up to the snow-air interface.
Seed dispersal, seed quality, and germination are sometimes quoted as limiting factors for tree establishment at the treeline. However, birch saplings are generally present and common above the treeline (Hofgaard, 1997b; Kullman, 2002) and were present at all three studied areas (Dalen, unpublished) . In addition, high dispersability of birch seeds (Elven and Ryvarden, 1975; Molau and Larson, 2000) renders these rather unlikely causes of treeline control in the studied regions.
Concluding Remarks
Regional differences in age structure and growth rates imply different environmental factors as focal predictors for treeline response. Whereas snow is a main controlling factor in the northern region, temperature and herbivory are emphasized in the middle and southern regions. Consequently, any future change of these parameters will have a strong and discriminating impact on tree performance and recruitment. However, focal predictors may change both through time and space (e.g., Solberg et al., 2002) , and effects of non-climatic factors can regionally and temporally override responses to changes in the climate (e.g., Shankman and Daly, 1988; Hofgaard, 1997b) . This may be misinterpreted as responses to a changed climate (Hofgaard, 1997b) at the same time as lack of observable response due to counteracting factors may be misinterpreted as insensitivity to climate change. More knowledge is needed on space and time specific response patterns to evaluate the climatic validity of observed treeline changes (cf. Skre et al. 2002) . Ultimately and importantly, counteracting mechanisms have to be included in models for future responses of the forest-tundra boundary to avoid overestimation of responses at the ecosystem level and consequences for, e.g., carbon uptake capacity and feedbacks to the biotic and abiotic environment at the regional to global scale. 
